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We report results on the Dalitz analysis of three-body charmless B + — > K + ir+7r~, 
B° — > X°7r + 7r _ and -B + — > K + K + K~ decays including searches for direct CP 
violation in the i? + — » i^ + 7r + 7r _ mode. Branching fractions for a number of quasi- 
two-body intermediate states are reported. We also observe evidence with 3.9<r 



significance for a large direct CP violation in B — > p(770) K channel. This is the 
first evidence for CP violation in a charged meson decay. The results are obtained 



using a Dalitz analysis technique with a large data sample of BB pairs collected with 
the Belle detector operating at the KEKB asymmetric energy e + e~ collider. 
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I. INTRODUCTION 

Decays of B mesons to three-body charmless hadronic final states provide a rich labora- 



tory for studying B meson decay dynamics and provide new possibilities for CP violation 
searches. In decays to two-body final states (B — > Kit, tttt, etc.) direct CP violation can 
(j^ only be observed as a difference in B and B decay rates. In decays to three-body final states 

dominated by quasi- two-body channels, direct CP violation can also manifest itself as a dif- 



ference in relative phases between two quasi-two-body channels. Large direct CP violation 
is expected in charged B decays to some quasi-two-body charmless hadronic modes 



> 

X 

II. APPARATUS, DATA SAMPLE & EVENT SELECTION 

The Dalitz analysis of B + — > K + 7t + 7t~ and B + —>■ K + K + K~ decays is performed with 
a 140 fb^ 1 data sample; for a Dalitz analysis of the B° — ► K°7t + tt~ decay and for CP 
violation searches in the decay B + — > K + tt + tt~ , we use a data sample of 357 fb -1 . The data 
are collected with the Belle detector Q operating at the KEKB asymmetric-energy e + e _ 
collider with a center-of-mass (cm.) energy at the T(4S) resonance. 

We identify B candidates using two almost independent kinematic variables: AE = 
a/ c2 P? + c4m i) - -Ebeam and M bc = ^V^bLm _ ^(Y^i P«) 2 > where the summation is over 
all particles from a B candidate; p, and are their cm. three-momenta and masses, respec- 
tively. The dominant background to studied processes is due to e + e~ — ► qq (q = u, d, s and 
c quarks) continuum events. This background is suppressed using variables that characterize 
the event topology. A detailed description of the continuum suppression technique can be 
found in Ref. and references therein. From a MC study we find the dominant background 
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FIG. 1: AE distribution for the (a) B+ -> K+tt+tt-, (b) B° -> K°ir+ir- and (c) B+ -» K+K+R- 
candidate events with |Mb c — Mb| < 7.5 MeV/c 2 . Points with error bars are data; the upper curve 
is the fit result; the hatched histograms are various background components. 



originating from other B decays that peaks in the signal region is due to B — > Dh, where 
h stands for a charged pion or kaon and due to B — > J / ip{ip{2S))[fi + fi~]K decays, where 
muons are misidentified as pions. We veto these backgrounds by applying requirements on 
the invariant mass of the appropriate two-particle combination. The most significant back- 
ground from charmless B decays to B — > Kitit channels originates from B — > r]'['-f7T + 7T~]K, 
from B + — ► 7r + 7r + 7r~, where one of the two same charge pions is misidentified as a kaon, and 
from B — > Kn processes. These backgrounds cannot be removed and are taken into account 
when fitting the data. We find no charmless B decay modes that produce a significant 
background to the K + K + K~ final state. The AE distributions for K + tt + ti~ , Kg7T + iT~ and 
K + K + K~ candidates that pass all the selection requirements are shown in Fig. ^ 



III. DALITZ ANALYSIS RESULTS 



For the amplitude analysis we select events in the B signal region defined as an el- 



lipse around the M^ c and AE mean values: 



+ Iwjm]' < !■ We find that 
B + —> K + n + n~ signal is well described by a coherent sum of the i^*(892)°7r + , i^o(1430)°7r + , 

p(770)°K + , /o(980)-ft" + , /x(1300)i^ + , XcoK + quasi-two-body channels and a non-resonant 
component. The channel /x(1300)i^ + (with mass and width of /x(1300) to be determined 
from the fit) is added to account for an excess of signal events visible in M(7r + 7r - ) spec- 
trum near 1.3 GeV/c 2 . Results of the best fit are shown in Figs. 01 (a,b). The mass and 
width of the /x(1300) state obtained from the fit are consistent with those for the /o(1370), 
however more data are required for more definite conclusion. To test for the contribution 
of other possible quasi-two-body intermediate states such as 7^*(1410)°7r + , i^*(1680)°7r + , 
K* 2 (1430)°7r + or f 2 (1270)K + , we include an additional amplitude for each of these channels 
in the decay amplitude one by one and repeat the fit to data. None of these channels have 
a statistically significant signal. Branching fraction and upper limit results are summarized 
m Table □ For more details see Ref. m. 

In the fit to Kg7r + 7i~ events we use decay amplitude M. similar to those constructed in 
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TABLE I: Summary of branching fraction results. The first quoted error is statistical, the second 
is systematic and the third is the model error. 
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the analysis of i3 + — > K + h + -k~ decay. The masses and widths of all resonances are fixed 
at either their world average values from PDG or at values determined from the analysis 
of B + — > K + 7t + tt~ decay (for / (980) and /x(1300)). Since in this analysis we do not 
distinguish between B or B decays the signal PDF is a non-coherent sum S , (xV^7r ± 7r =F ) = 
|JW(xY°7t+7t-)| 2 + \M{K° s ir-Tt + )\ 2 . Results of the best fit are shown in Figs. El (d-f). All 
plots demonstrate good agreement between data and the fit. Branching fraction results are 
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FIG. 2: Results of the fit to events in the B signal region for the (a,b) K + tt + tt^, (c) K + K + K~ , 
and (d,e,f) Kgir + TT~ final state. Points with error bars are data, the open histogram is the fit 
result and hatched histogram is the background component. 



summarized in Table HI For more details see Ref. |5j. 

We find that the K ± K + K~~ signal is well described by an amplitude that is a coherent sum 
of the <f)K + , fx{1500)K + , XcoK + quasi- two-body channels and a non- resonant component, 
where the fx(^00)K + (with mass and width of /x(1500) to be determined from the fit) 
channel is added to describe the excess of signal events visible in K + K~ mass spectrum 
near 1.5 GeV/c 2 . As there are two identical kaons in the final state, the decay amplitude is 
symmetrized with respect to interchange of two kaons of the same charge S(K + K + K~) = 
\M(K+K2K~)+M(K2K+K~)\ 2 . Results of the fit are shown in Fig. El (c) and summarized 
m Table □ For more details see Ref. m. 



IV. SEARCH FOR DIRECT CP VIOLATION IN B ± -» i^ ± vr ± vr T 



For CP violation studies the amplitude for each quasi-two-body channel is modified from 
ae lS to ae %5 (l±be i ' p ), where the plus (minus) sign corresponds to B + (B~) decay. With such 
a parameterization, the charge asymmetry, Aqp, for a particular quasi-two-body B — > f 
channel can be calculated as 

AcpU) ~ N- + N+ ~ ~T+W (1) 

Results of the fit are given in Table |HJ The statistical significance of the asymmetry quoted 
in Table HU is calculated as a/— 2 ln(£ /£max), where £ max and Co denote the maximum 
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TABLE II: Results of the best fit to K^tt^ ir^ events in the B signal region. The first quoted 
error is statistical and the second is the model dependent uncertainty. The quoted significance is 
statistical only. 



Channel b tp, (°) Aqp, (%) Significance, (a) 



K*(892)tt ± 


0.078 ± 0.033l[J;[!o3 


-18 ± 44±f 3 


—14.9 db 6.4±gJ 


2.6 


if (1430)71-+ 


0.069 ± 0.03ll8;8o8 


-123 ± 16±5 


+7.6 ± 3.8t§;§ 


2.7 


^(770)°^ 


0.28 ±0.11±g;^ 


-125 ± 32±|g 


+30 ± ll^ 1 


3.9 


/o(980)K± 


0.30 ±0.19lg:So 


-82 ± 8jJ 


—7.7 ± 6.5±^J 


1.6 


/ 2 (1270)X ± 


0.37 ±0.171^ 


-24 ±29^ 


-59 ± 22^ 


2.7 


Xc K± 


0.15 ± 0.35±g;gf 


-77 ± 94±^f 4 


-6.5±19.6±^j 


0.7 



likelihood with the best fit and with the asymmetry fixed at zero, respectively. Systematic 
uncertainty for Acp results in Tbale|n]is 3%. The only channel where the statistical signifi- 
cance of the asymmetry exceeds the 3<r level is — > p(770)°K ± , where we find a 3.9a effect. 
Figures EHa,b) show the M{k + -k~) distributions for the p(770)° — /o(980) mass region sepa- 
rately for B~ and B + events. The effect is more apparent when M(tt + tt~) spectra for the two 
helicity angle regions shown in Figs. Efc-f) are compared. Results on the Aqp measurement 
are summarized in Table ITT1 To cross check the asymmetry observed in B^ — > p(77§) Q K ± 
we make an independent fit to B~ and B + subsamples. We also confirm the significance of 
the asymmetry observed in B^ — > p(770)° K ± channels with MC pseudo-experiments. For 
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FIG. 3: 7r + 7r~ mass spectra for B~ (top row) and B + (bottom row) events for different helicity 
regions: (a,b) no helicity cuts; (c,d) cos 9jj < 0; (e,f) cos O 1 ^ > 0; Points with error bars are data, 
the open histogram is the fit result and the hatched histogram is the background component. 
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more details see Ref. p. The large value of A C p measured in B ± — > p(770) i\' ± is in agree- 
ment with a recent update by BaBar [?| and some theoretical predictions 0. The statistical 
significance of the asymmetry varies from 3.7a to 4a depending on the model used to fit the 
data. This is the first evidence for CP violation in the decay of a charged meson. 



[1] See for example: M. Beneke and M. Neubert, Nucl. Phys. B675, 333 (2003); C.-W. Chiang, 
M. Gronau, Z. Luo, J. Rosner, and D. Suprun, Phys. Rev. D69, 034001 (2004) and references 
therein. 

[2] A. Abashian et al, Nucl. Instr. and Meth. A479, 117 (2002). 

[3] A. Garmash et al. (Belle Collaboration), Phys. Rev. D69, 012001 (2004). 

[4] A. Garmash et al. (Belle Collaboration), Phys. Rev. D71, 092003 (2005). 

[5] K. Abe et al. (Belle Collaboration), BELLE-CONF-577, |hep-ex/0509047l 

[6] K. Abe et al. (Belle Collaboration), BELLE-CONF-528, |hep-ex/050900l| 

[7] B. Aubert et al. (BaBar Collaboration), hep-ex/0507004, Submitted to Phys. Rev. D. 



